The human vocal cord is treated as an elastic material capable of propagating compressional, shear, and surface waves. A mathematical formulation for commonly observed vibrational modes is developed. This includes horizontal as well as vertical tissue displacements. Current vocal cord models are discussed and evaluated in terms of their ability to describe adequately the vibrational degrees of freedom of the cords.
INTRODUCTION
The anatomy and physiology of phonation have received considerable attention for many years; so has the acoustics of speech production. Unfortunately, the attempts to establish rigorous support for glottal behavior in There has been much dispute about the manner in which the ligament and vocalis are connected. Some authors (Goertler, 1950; Wustrow, 1952) collagen is a gel under normal temperature conditions, it would appear that the coupling between ligament and vocalis is rather loose. The situation is complicated, however, by the fact that elastic strands extend from the ligament and conus elasticus deep into the muscular tissues, creating, in effect, a "web" or "honey comb" structure, i.e., a strong, elastic framework. Both collagen and muscle fibers are' therefore partitioned, allowing for only moderate amounts of shear in any given direction.
A dividing line between the vocalis and muscularis is indicated in Fig. 1 . This is to accommodate the possibility that the two main bundles of fibers can be activated independently to some degree. Should this be the case (a notion which has not received much debate), a sizable contraction of the muscularis would cause rigidity in the lateral portions of the vocal cord, thus moving the effective boundary of the cord medially.
This concept has been used to explain the phenomenon of "damping," i. 
a=o. Obviously, a great deal of refinement is necessary before one can treat the zonal structure of Fig. 1 in great detail.
IV. NATURAL MODES OF THE VOCAL CORDS
We shall derive the normal modes for two simplified cases of the overall configuration indicated in Fig. 1 the shear between the mucosa and the ligament is small, the effect of its motion is primarily one of energy loss, and hence, pitch reduction.
